Introduction {#tca13082-sec-0005}
============

In recent years, lung cancer has become the most common respiratory malignancy with the highest mortality rate (26%) of all cancer types.[1](#tca13082-bib-0001){ref-type="ref"} With the continuous advancement of science and technology, numerous therapeutic marker genes have emerged, which have significantly contributed to the treatment of lung cancer.[2](#tca13082-bib-0002){ref-type="ref"} According to the pathological types, lung cancer can be divided into small cell lung cancer (SCLC) and non‐small cell lung cancer (NSCLC). NSCLC includes lung adenocarcinoma, lung squamous cell carcinoma, and large cell lung cancer. Despite several treatment options for NSCLC, surgery is recommended for the treatment of early lung cancer.[3](#tca13082-bib-0003){ref-type="ref"} Therefore, early diagnosis and treatment options for lung cancer have become the goals of medical researchers.

Changes in epigenetics play a significant role in the occurrence of lung cancer.[4](#tca13082-bib-0004){ref-type="ref"} In particular, abnormal hypermethylation of the promoter region in the CpG island,[5](#tca13082-bib-0005){ref-type="ref"} which involves the silencing of tumor suppressing gene transcription, is considered one of the earliest and most common changes in cancer.[6](#tca13082-bib-0006){ref-type="ref"}

As a tumor suppressor gene, the *P14ARF* gene locus on the short arm 2 region 1 of human chromosome 9 (9p21), plays a major role in cell cycle regulation by regulating the *p53* gene.[7](#tca13082-bib-0007){ref-type="ref"} Abnormal methylation of the *P14ARF* gene promoter region is significantly different between lung cancer and paracancerous tissues, which suggests that abnormal methylation of the *P14ARF* gene promoter region is related to the occurrence and development of lung cancer.[8](#tca13082-bib-0008){ref-type="ref"} SPCA1 is a lung adenocarcinoma cell line. In previous studies, this cell line has been shown to be abnormally methylated in the *p16* gene promoter, whose locus is same as *p14*;[9](#tca13082-bib-0009){ref-type="ref"} therefore, we used this cell line to study *p14* gene methylation. Beas2b cells are normal human lung bronchial epithelial cells, and according to their cell description, there is no relevant genetic alteration, therefore they were applied as the control.

In this study, we used nested methylation‐specific PCR (NMSP) to analyze methylation of the SPCA1 cell line and removed abnormal methylation of the *P14ARF* gene promoter region to detect its effect on ARF protein expression and tumor cell apoptosis. From our results, we can conclude the effect of P14 promoter aberrant methylation on the biological function of lung adenocarcinoma. The objective of this study was to determine whether methylation of the *P14ARF* gene promoter region can be used as a potential target gene for NSCLC diagnosis and therapy.

Methods {#tca13082-sec-0006}
=======

Cell culture and 5‐Aza {#tca13082-sec-0007}
----------------------

SPCA1 cell lines were obtained from the cell bank of the Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China) and Beas2b cell lines were obtained from American Type Culture Collection (Manassas, VA, USA). SPCA1 cells were maintained in RPMI‐1640 and supplemented with 10% fetal bovine serum (FBS, BI, Beit Ha\'emek, Israel) containing 1% penicillin‐streptomycin, while BEAS2B cells were maintained in BEGM (Lonza, Walkersville, MD, USA). The cell culture was maintained in a humidified incubator at 37°C in an atmosphere of 5% CO~2~. The experimental group cells were treated with 10 μM 5‐Aza (MCE Co., Monmouth, NJ, USA) for four days. The control group cells were treated with the same amounts of phosphate buffered saline (PBS, BI) for the same time periods. Culture medium and 5‐Aza were replaced daily.

DNA extraction and bisulfite conversion {#tca13082-sec-0008}
---------------------------------------

The cells were washed with PBS. DNA was collected and extracted using the TIANamp Genomic DNA kit (Tiangen Biotech \[Beijing\] Co., Ltd., Beijing, China) according to the protocol. The extracted DNA was then treated with a DNA Bisulfite Conversion Kit (Tiangen Biotech \[Beijing\] Co., Ltd.). All bisulfite converted DNA samples were stored at −20 °C.

Nested methylation‐specific PCR {#tca13082-sec-0009}
-------------------------------

NMSP was performed as previously described.[10](#tca13082-bib-0010){ref-type="ref"} The p14ARF external primers were: 5‐TGGGTTTTAGTTTGTAGTTAA‐3 (forward) and 5‐CTCCTCAATAACATCAACAC‐3 (reverse). The methylation‐specific p14ARF primers were: 5‐TTTTTGGTGTTAAAGGGTGGTGTAGT‐3 (unmethylated forward), 5‐ACCACACACACACCAAATCCA‐3 (unmethylated reverse), 5‐GTGTTAAAGGGCGGCGTAGC‐3 (methylated forward), and 5‐CGCGACGAACCGCACGCGCG‐3 (methylated reverse).[10](#tca13082-bib-0010){ref-type="ref"} Three rounds of PCR were performed on bisulfite‐converted DNA. For the first round, the bisulfite‐converted DNA was used, and the external primer was used to obtain a product larger than the target DNA and containing the promoter region of the *p14ARF* gene. The products from the first round were then used in the next two rounds of PCR, and methylated and unmethylated primers were used to identify the methylated and unmethylated regions of the gene, respectively.

For the first round of PCR, the volume of the reaction system was 20 μl, and its main components were 2 μl of bisulfite‐treated DNA, 1.6 μl of nucleoside triphosphate (dNTP, 2.5 mM), 2 μl of 10 × MSP PCR buffer, 0.4 μl of Taq genomic DNA polymerase (Tiangen Biotech \[Beijing\] Co., Ltd.), 1 μl of forward external primer, and 1 μl of reverse external primer. The amplification conditions for the first PCR were: 5 minutes at 95°C, denaturation at 94°C for 20 seconds and annealing at 60°C for 30 seconds, extension at 72 °C for 20 seconds for 35 cycles, and a final 5 minute extension step. We used first round of PCR product to dilute 100 times and then took 2 μl of it for the second round of PCR. The volume and composition of the reaction system in the second round were the same as those used in the first round. In the second round, the different primers were divided into two groups. The cycle parameter was 94°C for 3 minutes, then 94°C denaturation for 30 seconds, 58 °C annealing for 30 seconds (for the unmethylated primer, the annealing temperature was 57°C), extended at 72°C for 30 seconds for 40 cycles, and finally extended at 72°C for 7 minutes; 5 μl of the PCR product was electrophoresed on 2% agarose gel. The experiment was repeated three times.

Quantitative real‐time PCR {#tca13082-sec-0010}
--------------------------

An RNAprep Pure Kit was used to extract total RNA and a Quant One Step qRT‐PCR Kit was then used to detect p14 messenger RNA (mRNA) expression (Tiangen Biotech \[Beijing\] Co., Ltd.). The primers were: 5'‐CCCTCGTGCTGATGCTACTG‐3′(forward) and 5'‐CCATCATCATGACCTGGTCTTCT‐3′(reverse) with a FAM‐labeled Taqman MGB probe AATTCATGTATAAAACTAAGGGCGT (Sangon Biotech \[Shanghai\] Co.,Ltd., Shanghai, China). Glyceraldehyde‐3‐phosphate dehydrogenase (GAPDH) control reagents were used as an internal reference. The volume of the reaction system was 50 μl, and contained the following: Quant One Step RT‐qPCR Mix (Probe) 25 μl, Hotmaster Taq Polymerase 2.5 U/μl 2.5 μl, Quant RTase 0.5 μl, RNA template 20 ng, 1 μl of forward primer, and 1 μl of reverse primer, probe 0.2 μM, and RNase‐Free ddH2O 15 μl. The protocol of the Tiangen Quant One Step qRT‐PCR Kite was followed. The quantity was then calculated using Applied Biosystems Prism Sequence Detection software version 2.3. The experiment was repeated three times.

Western blot analysis {#tca13082-sec-0011}
---------------------

The cells were scraped and added into radioimmunoprecipitation assay lysis buffer containing 1% phenylmethanesulfonyl fluoride. The product was then incubated on ice for 30 minutes and centrifuged to remove cell debris. A protein quantification kit (Tiangen Biotech \[Beijing\] Co., Ltd.) was used to determine protein concentration; 50 μg of the protein was transferred to a polyvinylidene fluoride membrane at 250 mA on 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis. The membrane was blocked in 0.05% tris‐buffered saline plus tween 20 (TBST) and 5% skim milk powder for two hours at room temperature, 1:500 anti‐ARF and 1:1000 β‐actin antibodies (Abcam, Shanghai, China) were added, and the membrane was then maintained overnight at 4°C and washed with TBST. The membrane was incubated three times and then incubated with horseradish peroxidase‐conjugated goat anti‐rabbit secondary antibody (Abcam) for one hour at 37°C. The protein of interest was visualized using an enhanced electrochemiluminescence detection system (Beyotime Biotechnology, Shanghai, China). The densitometry of the bands was quantified by ImageJ software. The experiment was repeated three times.

Flow cytometry analysis {#tca13082-sec-0012}
-----------------------

To evaluate cell apoptosis, the cells were collected and adjusted at a density of 1 × 10^6^/ml, washed twice with PBS, stained with Annexin V‐fluorescein isothiocyanate and propidium iodide (Solarbio Life Sciences, Beijing, China) for 15 minutes at room temperature, and then determined by flow cytometry (FCM, Becton‐Dickinson, Franklin Lakes, NJ, USA). The experiment was repeated three times.

Cell Counting Kit‐8 {#tca13082-sec-0013}
-------------------

All cells were seeded in 96‐well plates, with 2 × 10^3^ cells in 100 μl of the medium. Cell proliferation was determined using Cell Counting Kit 8 (Solarbio Life Sciences). There were four groups: SPCA1 5‐Aza treatment and control groups, and Beas2b 5‐Aza treatment and control groups. After culturing for 24, 48, 72, and 96 hours, we measured the optical density (OD) at 450 nm wavelengths and calculated the proliferation inhibition rate of each. The experiment was repeated three times.

Statistical analysis {#tca13082-sec-0014}
--------------------

Data are shown as mean values ± standard deviation (x¯ ± SD). Differences between the two independent groups were analyzed by the Student\'s *t*‐test. *P* \< 0.05 was considered significant. SPSS version 22.0 was used for statistical analyses.

Results {#tca13082-sec-0015}
=======

Methylation status of the p14ARF promoter region {#tca13082-sec-0016}
------------------------------------------------

We detected the methylation status of the *p14* gene promoter region in SPCA1 and BEAS2B cell lines by NMSP. The results showed that the *p14* gene promoter region of the SPCA1 cell line was methylated, while BEAS2B was not (Fig [1](#tca13082-fig-0001){ref-type="fig"}).

![Methylation of the p14ARF gene promoter in each group. Marker: DNA molecular weight marker, M: p14ARF promoter methylation, U: p14ARF promoter unmethylation. Two groups of SPCA1 cells and one group of BEAS2B cells were included. The quantity of PCR production for the methylation statue is 132 bp, while the unmethylation statue is 122 bp. Obviously, the p14 gene promoter region of the SPCA1 cell line was methylated, whereas that of the BEAS2B cell was unmethylated.](TCA-10-1388-g001){#tca13082-fig-0001}

Restoration of p14ARF expression by treatment with 5‐Aza demethylation {#tca13082-sec-0017}
----------------------------------------------------------------------

To test whether methylation directly induced p14ARF gene silencing, we used 5‐Aza to demethylate the *p14ARF* gene in SPCA1 and BEAS2B cells. Figure [2](#tca13082-fig-0002){ref-type="fig"}a shows that after treatment with 10μM 5‐Aza for 96 hours, the mRNA of p14 in SPCA1 cells appeared. Expression of p14 mRNA in the 5‐Aza group was 0.63‐fold higher than in the control group. Meanwhile, Figure [2](#tca13082-fig-0002){ref-type="fig"}b shows that p14ARF proteins in the SPCA1 cells were restored. However, there was no obvious change in BEAS2B cells (the expression of mRNA was 0.05‐fold lower). These results indicate that methylation directly mediates the silencing of p14ARF in NSCLC.

![The expression of p14ARF messenger RNA (mRNA) and protein in each group. (**a**) Quantitative real‐time PCR. The level of p14 mRNA was normalized to glyceraldehyde 3‐phosphate dehydrogenase. \*\**P* \< 0.05. NS, no significance (![](TCA-10-1388-g005.jpg "image")) 5 Aza, and (![](TCA-10-1388-g006.jpg "image")) Control. (**b**) Western blot: lane 1: SPCA1 cells treated with 10 μM 5‐Aza; lane 2: SPCA1 cells in the control group; lane 3: BEAS2B cells treated with 10 μM 5‐Aza; lane 4: BEAS2B cells in the control group. p14ARF proteins in the SPCA1 cells were restored, while there was no change in the BEAS2B cells.](TCA-10-1388-g002){#tca13082-fig-0002}

Biological function is affected by p14ARF demethylation with 5‐Aza {#tca13082-sec-0018}
------------------------------------------------------------------

We used FCM to investigate the effect of p14ARF promoter region demethylation on apoptosis. The experimental group of each cell type was treated with 10 μM 5‐Aza for 96 hours. After FCM, the apoptosis rate of SPCA1 cells in the experiment group was significantly higher at 22.36 ± 2.04% compared to 10.96 ± 0.63% in the SPCA1 control group (*P* \< 0.05). As for the BEAS2B cells, there were no significant differences in the experimental 7.71 ± 0.24% and control groups 7.31 ± 0.45% (*P* \> 0.05). Therefore, it is apparent that p14ARF promoter region demethylation induces the apoptosis of SPCA1 cells (Fig [3](#tca13082-fig-0003){ref-type="fig"}).

![P14 promoter methylation decreases the apoptosis rate of lung cancer cells. (**a**) SPCA1 control group, (**b**) SPCA1 10μM 5‐Aza group, (**c**) BEAS2B control group, (**d**) BEAS2B 10μM 5‐Aza group and (**e**) the apoptosis rate in each group (![](TCA-10-1388-g007.jpg "image")) 5‐Aza, and (![](TCA-10-1388-g008.jpg "image")) Control. The apoptosis rate in SPCA1 cells was significantly higher than in BEAS2B cells. \*\**P* \< 0.05. NS, no significance.](TCA-10-1388-g003){#tca13082-fig-0003}

To investigate cell proliferation, the OD value of each group was measured after treatment with CCK‐8. The results after 96 hours showed that the OD values of the SPCA1 cells in the experimental group (0.57 ± 0.06) were obviously lower than in the control group (1.02 ± 0.23; *P* \< 0.05). After treatment with 5‐Aza for 24, 48, 72, and 96 hours, the SPCA1 cell proliferation inhibition rates were 39%, 40%, 42%, and 52%, respectively, but there was no significant inhibition in the BEAS2B cells. To conclude, cell proliferation was markedly inhibited in SPCA1 cells when the p14 promoter region was demethylated (Fig [4](#tca13082-fig-0004){ref-type="fig"}).

![P14 promoter methylation increases the cell proliferation of lung cancer cells. Cell growth curves were delineated and the inhibition rate of cell proliferation was calculated by measuring absorbance at 450 nm. The changes in optical density (OD) value in SPCA1 cells were significantly higher than in BEAS2B cells. \*\**P* \< 0.05. NS, no significance. (![](TCA-10-1388-g009.jpg "image")) spca1 5‐Aza, (![](TCA-10-1388-g010.jpg "image")) spca1 control, (![](TCA-10-1388-g011.jpg "image")) beas2b 5‐Aza, and (![](TCA-10-1388-g012.jpg "image")) beas2b control.](TCA-10-1388-g004){#tca13082-fig-0004}

Discussion {#tca13082-sec-0019}
==========

DNA methylation is an important component of epigenetics, which play a prominent role in cell regulation and the development of cancer.[12](#tca13082-bib-0012){ref-type="ref"} In addition, *p14ARF* has different biological functions in cells. Previous studies have shown that *p14* acts as a tumor suppressor gene to stabilize and activate *p53* by neutralizing the inhibitory effect of E3 ubiquitin ligase hMdm2 on cancer cells.[13](#tca13082-bib-0013){ref-type="ref"} In addition, *p14* plays an important role in tumor suppression by promoting cell cycle arrest or apoptosis through a p53‐independent pathway.[14](#tca13082-bib-0014){ref-type="ref"}, [15](#tca13082-bib-0015){ref-type="ref"} Abnormal methylation of the p14 promoter region plays a significant role in the development of cancer, and is manifested in liver, bladder, and intestinal cancers.[16](#tca13082-bib-0016){ref-type="ref"}

In this study, methylation of the p14ARF promoter region in the lung cancer SPCA1 cell line was detected by NMSP, while the BEAS2B cell line did not show abnormal methylation. Therefore, it can be concluded that methylation in this region has a certain influence on the development of lung cancer. These results are consistent with findings by Zemaitis *et al.* who reported that most lung cancer patients exhibited methylation of the tumor suppressor gene, which might be associated with the development of cancer.[17](#tca13082-bib-0017){ref-type="ref"} Previous studies have shown that ARF expression can inhibit the occurrence of cancer.[18](#tca13082-bib-0018){ref-type="ref"} Therefore, we used RT‐PCR to detect p14ARF mRNA expression and Western blot to detect ARF protein expression. No p14ARF mRNA or protein expression was detected in the SPCA1 cell line, while the beas2b cell line exhibited normal expression, which may indicate that methylation of the p14ARF promoter region contributes to the occurrence of lung cancer.

Studies have shown that 5‐Aza has a demethylation function by inhibiting DNA methyltransferase I, which can restore gene function.[19](#tca13082-bib-0019){ref-type="ref"} Therefore, were treated the SPCA1 cell line with 5‐Aza to remove *p14* methylation, which is abnormally methylated in the promoter, and restored the expression of the *p14* gene. RT‐PCR and Western blot analysis showed that 5‐Aza restored p14ARF mRNA and protein expression in the treatment group. Apoptosis of cells is an important factor regulating the normal growth and proliferation of cells, but abnormal apoptosis in cancer cells often leads to aberrant proliferation.[20](#tca13082-bib-0020){ref-type="ref"}, [21](#tca13082-bib-0021){ref-type="ref"} Heo *et al.* used all‐trans retinoic acid (ATRA) to remove *P14* gene methylation in cancer cells and activate the *p14* gene. ATRA upregulated the p53 levels via the p14‐MDM2‐p53 pathway and then induced apoptosis via activation of *p53*.[22](#tca13082-bib-0022){ref-type="ref"} Therefore, we performed FMC to determine the effect of apoptosis. FCM showed that the apoptosis rate of the SPCA1 cell line was increased, while CCK8 showed that cell proliferation was inhibited, and there was no significant difference in the detection results in the BEAS2B cell line. These differences are most likely caused by the following reasons: restoring the expression of the *p14* gene upregulates protein p53, enhances the stability of p53‐induced cell apoptosis, and inhibits proliferation.[23](#tca13082-bib-0023){ref-type="ref"} Badal *et al.* reported that 5‐Aza can increase ARF protein expression in p14ARF promoter region methylated cells.[11](#tca13082-bib-0011){ref-type="ref"} Using p53 activity assays, they observed an increase in p53 protein activity after 5‐Aza treatment, which also induced apoptosis. Liu *et al.* showed that the overexpression of wild‐type c‐MYC obviously upregulates p14 expression, which induces apoptosis.[24](#tca13082-bib-0024){ref-type="ref"} Our results are consistent with these findings. Therefore, we can conclude that abnormal methylation of the promoter region of the *p14ARF* gene can inhibit ARF mRNA and protein synthesis, which subsequently inhibits lung cancer cell apoptosis. As a result, lung cancer cell proliferation cannot be controlled.

At present, the treatment methods for lung cancer are diverse, from traditional chemotherapy to immunotherapy.[25](#tca13082-bib-0025){ref-type="ref"} However, debate over the choice of treatment method for lung cancer continues.[26](#tca13082-bib-0026){ref-type="ref"} Our study demonstrated the effect of p14 promoter methylation on the biological function, and we found that demethylation can restore *p14* gene expression via a demethylating agent. To increase the cure rate of lung cancer and prolong the survival time of patients, our future studies will investigate the sensitivity of chemotherapy, targeted therapy, or immunotherapeutic drugs after demethylation. Our research was limited to a single lung cancer cell line; therefore, we will include more types of lung cancer cells in future studies.

Overall, abnormal methylation of the promoter region of the *p14ARF* gene affects mRNA and protein expression, cell proliferation, and apoptosis of lung cancer. Our results suggest the use of P14 promoter aberrant methylation as a therapeutic target for drug research or to improve the sensitivity of other drugs.
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